Abstract. OFDM-MFSK is a robust multicarrier scheme for transmission over fast fading multipath channels. The disadvantage of OFDM-MFSK is a lower spectrum efficiency. In this paper,we investigate the spectrum efficiency of OFDM-MFSK system and proposes a OFDM multitone FSK modulation scheme. The spectrum efficiency can be improved by increasing set of working subcarriers of OFDM in the proposed scheme. Simmulation results show that proposed scheme can achieve a high spectrum efficiency while the power efficiency is still not decreasing.
solid lines represent the carrier that is used for transmission, whereas the dotted lines represent the carriers that are not used for transmission. E is the set of energies in which bit j is 1. As mentioned above, only the amplitude is limited of the selected subcarriers in OFDM-MFSK, and its phase can still be used to transmit information. The phase information are added to form a mixed modulation method of OFDM-N/MFSK. DPSK modulation used on the phase to not affect the non-coherent detection.
Evaluation Criteria of transmission scheme. The spectral efficiency, power efficiency and bit error rate performance are mainly considered to evaluate transmission scheme. Its bit error rate performance can be analyzed spontaneously in the simulation, and spectral efficiency can be shown by the average number of bits per subcarrier, denoted by f η .
Because the amplitude of selected subcarrier in each grouping is always 1, for ease of illustration and comparison, the energy to transmit one bit data is equal to the average number of subcarriers which it used. It is used as a measure of power efficiency, referred to as p η (the smaller the number, the higher the power efficiency). According to the above definition, the spectral efficiency and power efficiency of OFDM-N / MFSK-DPSK can be expressed as ).
Fig. 2 Pascal's Triangle
The spectral efficiency and power efficiency in different N-nary system combination are shown in Table 1 . Where / fp ηη is the spectral efficiency per power efficiency, the larger the number, the better the system performance. Comprehensive consideration, the case of M=6 is the best. 
where 1
ω are the angular frequency of non-null subcarriers, and s T is a OFDM symbol period. So, an OFDM symbol can be expressed as 
where N is the number of OFDM subcarriers are used, M is the number of subcarriers per block, N is an integer multiple of M. The signal decision criterion. The transmitter or receiver in the high-speed mobile environment, wireless electromagnetic signal have time-varying multipath fading， the typical time-varying multipath fading channel as
where L is the number of multipath, l A is the time varying complex fading coefficient in the first path, 
where () wt is white Gaussian noise. Corresponding to the ith block in receiver, the signal () i yt can be written as 
where () i wt is band-limited white Gaussian noise. After FFT, the formula can be written as
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In the ith OFDM-OFDM block, each subcarrier energy , ik E can be expressed as certain effect on the bit error rate performance, and the appropriate value of K will be analyzed in Figure 8 and 9.
Simulation Results
We make the carrier frequency as fc = 5.8 GHz, the subcarrier number as Nf = 256, the useful subcarrier as Nfused = 162, the spacing of subcarrier as Δ f = 312.5 kHz, the cyclic prefix as T g = 0.8μs, the cycle of the whole OFDM symbol Ts = 4μs. In our simulation, we use the convolutional code which symbol rate is 1/2， and its generating polynomial is [133, 171] Figure 4 shows the overall bit error rate performance of the mix modulation is lower than the single modulation. where 4F, 3/4F, (2+3)/6F and 2D were shorthand of 4FSK, 3/4FSK, (2+3)/6FSK and 2DPSK. The (2+3)/6FSK-2DPSK bit error rate performance is similar to the 3/4FSK-2DPSK, and the (2+3)/6FSK bit error rate performance is similar to 3/4FSK. They, said all above, are lower than 4FSK and 4FSK-2DPSK. Because the DPSK modulation is loaded on the single modulation (FSK), and it correct demodulation depends on the FSK correct demodulation. The (2 + 3) / 6 FSK and (2 + 3) / 6 FSK-2PSK advantage of spectral efficiency and power efficiency, can be found in Tab. 5 shows the bit error rate performance of (2+3)/6FSK is insensitive to the speed of the communication terminal removing, where V1, V2 and V3 respectively represent 0 km/h, 300 km/h and 600 km/h. It indicates that it is robust to the channel of the fast time-varying, and is suitable for wireless communication in high speed mobile environment. Only 600km/h is simulated in the following simulation. Fig. 6 shows the bit error rate performance of the (2+3)/6FSK is better than the 3/4FSK, and the 4FSK is better than the (2+3)/6FSK. It is less affected by the fading. Because the former in each group have more subcarriers are zero. Fig. 7 shows the bit error rate performance of the (2+3)/6FSK-2DPSK is better than the 3/4FSK-2DPSK. This is because the average frequency interval of the subcarriers used in the latter is larger, and its DPSK part will have a severely impact by the frequency selective fading.
The best value of K can find through simulation. The simulation results in the white Gaussian noise channel and doubly selected channel are shown in Fig. 8, 9 . It can be seen that K = 0.6 is the best choice (in (1+2/4FSK), K = 0.2 is the best choice). The optimal value of K in the OFDM-(n+m)/MFSK system can be obtained, fixing three parameters of n, m, M.
Conclusions
This paper presents a new OFDM multitone MFSK modulation scheme, which uses non-coherent detection without channel estimation. Compared with the previous OFDM multitone FSK scheme, its performance of spectrum efficiency, power efficiency and bit error rate are improved in different degree. Its comprehensive performance is better than that of the existing schemes. Simmulation results show that proposed scheme can achieve a high spectrum efficiency while the power efficiency is still not decreasing. It is suitable for fast fading frequency selective channel, and can realize the wireless communication in high speed mobile environment.
